The Lukundol Formation, a fluvio-lacustrine deposit, constituting the lowermost part of the sedimentary sequence in the Kathmandu valley, is made up of conglomerates in its basal part; thick beds of carbonaceous clay, lignite, silt and sand in the middle part; interbedded clay and gravel in the upper part; and very thick beds of gravel in the uppermost part. Its exposure in the Khahare Khola, near the Lukundol village, is about 205 m thick. The palynostratigraphy of the Lukundol Formation revealed the dominance of gymnosperms over the angiosperms and herbaceous members. In the pollen diagram, Pinus and Quercus are the predominant taxa whereas Castanopsis and Oleaceae are the next dominant ones. Three fossil pollen zones were differentiated in the Lukundol Formation. Zone I indicates a subtropical climate, zone II belongs to a warm temperate climate, and zone III represents a subtropical to warm-temperate climate.
INTRODUCTION
The Kathmandu valley, one of the largest intermontane basins in the Himalaya, is filled up with the fluvio-lacustrine sediments of Late Pliocene to Holocene age. A comprehensive geological investigation of the Kathmandu basin sediments was carried out by Yoshida and Igarashi (1984) , Igarashi et al. (1988) , and Yoshida and Gautam (1988) . They subdivided the basin sediments into the older-stage deposits (i.e. the Lukundol Formation), middle-stage deposits (i.e. the Boregaon, Chapagaon and Pyanggaon terrace deposits), and younger-stage deposits (i.e. the Gokarna, Thimi and Patan Formations). They also outlined the palaeoclimatic history of the Kathmandu valley. The investigation of lithological succession and palynology was also carried out by a number of other researchers (e.g. VishnuMittre and Sharma 1984 , Fuji and Sakai 2002 , Paudayal and Ferguson 2004 , Paudayal 2005 , and Paudayal 2006 . The Lukundol Formation is well exposed in the southern part of the Kathmandu valley and its age ranges from Late Pliocene to Middle Pleistocene (Yoshida and Igarashi 1984; Yoshida and Gautam 1988) . The exposure along the Khahare Khola section (Fig. 1 ) near the Lukundol village is about 205 m thick. It contains conglomerates with minor amounts of sand and clay lenses at its basal part. Its middle part is made up of thick beds of black to grey organic clay, silt, and sand. In association with these are a number of thick (up to 2 m) coal seams (mainly lignite). The upper part of the Lukundol Formation consists of an interbedding of clay and gravel, whereas the topmost part is represented by very thick gravel beds. The present palynological investigation was carried out on a total of 84 samples collected from the fine sediments comprising the Khahare Khola section (Fig. 2) .
MATERIAL AND ANALYTICAL METHODS
The samples collected for palynological investigation were prepared at the Central Department of Geology, Tribhuvan University, Kirtipur, Kathmandu, following the method described by Zetter (1989 Corpus rugulate and rough. In LM the leptoma smooth (Diploxylon type). Sacci attached almost full width of corpus and coarsely alveolate. The outline of the sacci in the polar view is almost full width of corpus so that the grain seems to consist of three distinct oval parts. Corpus attached to the upper half of the sacci and forms distinct angle with it.
Tsuga sp. (Fig. 3 (Fig. 4 , No. 11) Shape: Prolate, circular in polar view. Size: Polar axis 20 µm Aperture: Tricolporate, colpi nearly as long as polar axis. Exine: 3 µm, sexine much thicker than nexine, distinctly stratified, sexine in mesocolpium thicker than in the colpi area forming a margo, sexine microechinate and granulate, granules uniformly distributed between the spinules. Compositae gen. indet. (Fig. 4 Exine: 3-4 µm, nexine is slightly thicker than sexine, pore cavity is broad, sexine slightly rugulate and perforate. ERICACEAE Ericaceae gen. indet. (Fig. 4 Quercus sp. (Fig. 4 Oleaceae gen. indet. (Fig. 4 (Fig. 4 , No. 20) Shape: Prolate-Spheroidal, equatorial view rhombic, polar view triangular obtuse Aperture: Triporate with a collar of sexine Exine: 4 µm at poles and 7 µm at the equator, sexine thicker than nexine microclavate. Microclavae variable in size. ULMACEAE Ulmus sp. (Fig. 5 Family indet. (Fig. 5 , No. 23) Shape: Rounded Size: 40 µm Aperture: Trilete Exospore: 1.5 µm, spinose and granulose, spines irregularly distributed and clustered to form ridges of the spines.
Algal cysts (Fig. 5, No. 24) 
RESULTS OF PALYNOLOGICAL ANALYSIS
The gymnosperms consist of Pinus, Picea, Abies, and Tsuga. The woody angiosperm trees and shrubs contain Quercus, Castanopsis, Alnus, Justicea, Oleaceae etc. Artemisia, Chenopodiaceae, Compositae, Caryophyllaceae, Ranunculaceae etc. are the major herbs. The aquatic plants are Nymphoides, Myriophyllum and Trapa. The fern spores are monolete and trilete. The pollen diagram of the Lukundol Formation is basically divided into three pollen assemblage zones (Fig. 6) .
Zone Luku-I
This zone is characterised by a high percentage of Pinus and Quercus. Pinus attains (13-70%) of the total count. The other conifers are Picea (0.5-4.5%) and Abies (<3%). The angiosperm trees such as Quercus (5-35%) and Castanopsis (10-12%) are the major constituents. The other broad-leaved trees and shrubs such as Juglans (<1%), Oleaceae (1-7%), and Fraxinus (<1%) occur as minor elements. Most of the herbaceous pollen originates from Compositae (2%), Artemisia (2%), Chenopodiaceae (1%), Poaceae (1-5%), and Caryophyllaceae. The aquatic plants are Nymphoides (1-5%) and Trapa (1-2%). The fern spores attain a very high percentage of the total count.
Zone Luku-II
This zone is characterised by a decline in Quercus and Castanopsis and increase in the percentage of Pinus. Of the gymnosperms, Pinus (3-70%) is the dominant genus whereas Picea (1-10%), Abies (1-18%), and Tsuga (<2.5%) are the minor elements. Quercus (2-2.5%) and Castanopsis (<5%) are the major broad-leaved trees. The minor trees are Juglans (1%), Alnus (<3%), Ericaceae (<3%), and Betula (<2%). Compositae (0.5-8%), Ranunculaceae (1-5%), and Chenopodiaceae (1-10%) are the common herbs. The fern spores are the common elements.
Zone Luku-III
This zone is represented by an increase in the percentage of Quercus and decrease in Pinus. Quercus is more abundant (2-30%), Castanopsis and Oleaceae are also present in minor elements. The conifers such as Pinus constitute (10-58%) of the total count, whereas Picea (4.5%), Abies (<3%) and Tsuga (4%) are the minor elements.
PALAEOCLIMATIC INTERPRETATION
In order to reconstruct the palaeoclimate of the Lukundol Formation, 27 families and 35 genera were used as shown in the pollen diagram (Fig. 6 ). The following genera were used as the main indicators of palaeoclimate: Pinus of cold climate, Quercus and Castanopsis of warm climate and Alnus of wet climate (Fuji and Sakai 2002) . According to the pollen assemblage and changes of frequency in the pollen diagram, the palaeoclimatic record was divided into three main periods corresponding to the above three pollen zones.
In the pollen assemblage zone Luku-I, Pinus was the dominant species. Other gymnosperms such as Picea, Abies, Tsuga and Podocarpus were present in a very small amount. The angiosperm trees Quercus, Castanopsis, and Oleaceae were distributed throughout this zone, indicating a warm climate. Since the coniferous trees (Pinus) were found to be growing in a subtropical climate and the presence of an oak forest indicated similar climatic conditions. Based on the above vegetation pattern, it was inferred that a subtropical climate prevailed during the development of this zone.
Major changes in vegetation in the Lukundol Formation commenced in the pollen assemblage zone Luku-II. Pinus was the most dominant genus. Other gymnosperms, such as Picea, Abies, and Tsuga were also present in considerable amounts. It is noteworthy that Picea and Abies show a cold as well as dry climate. There was a gradual decrease in the angiosperm trees, such as Quercus and Castanopsis. The presence of Juglans and Betula also pointed to a cold and dry climate. Therefore, from the above vegetation information, this zone was inferred to be formed in a warmtemperate climate.
In the pollen assemblage zone Luku-III, again Pinus was the dominant genera. Picea, Abies, and Tsuga were present in less than 5% of the total pollen count. There was a rapid increase in the proportion of Quercus and is distributed throughout the zone. Castanopsis was also present in some horizons. The presence of woody angiosperms as well as gymnosperms give information that the climate was subtropical to warm temperate.
Some of the sections in the pollen assemblage zones Luku-II and Luku-III were barren. There was a deposition of finer sediments up to a height of 104.5 m from the base of the Lukundol Formation and the pollens were also abundant except in few horizons. But, after this level there was a drastic change in the deposition. The river system changed and the gravel, sand, and clay beds were deposited successively. Because of the coarse nature of sediments and subsequent oxidation, the pollen was not preserved.
CONCLUSIONS
The Lukundol Formation had a series of major and minor clastic events related to the uplift of the hinterland. These events interrupted the palynological information and gave a taphonomically biased picture. The Lukundol Formation can be divided into three pollen zones according to the percentage of gymnosperms and angiosperms. Zone-I was characterised by a subtropical climate, zone-II had a warmtemperate climate, and zone-III was formed in a subtropical to warm-temperate climate. The gymnosperms dominated over the woody angiosperms during the deposition of the Lukundol Formation. Hence, the pollen assemblages in this formation had a warm-temperate signature. A comparison of the past and present-day vegetation in the study area revealed that the Lukundol Formation was deposited in a climate warmer than the present time.
